In this data article, using density functional theory calculations, it is shown that in the gas phase, free from crystal packing effects, different elongation and compression Jahn-Teller geometries of fac and mer tris(trifluoroacetylacetonato)-manganese(III) are possible. A careful construction of input geometries made it possible to obtain the density functional theory calculated optimized geometries of different elongation and compression Jahn-Teller geometries of fac and mer tris(trifluoroacetylacetonato)-manganese(III). The mer CF 3 eCF 3 elongation isomer has the lowest energy (Fig. 1) , while in the solid state a mer CH 3 eCH 3 compression tris(trifluoroacetylacetonato)-manganese(III) isomer is experimentally characterized [1] . The rare experimental example of a compression tris(b-diketonato)-manganese(III) structure is ascribed to intermolecular F/F and F/H interactions between the tris(trifluoroacetylacetonato)-manganese(III) molecules in the solid crystalline state, contributing to the distortion of the coordination polyhedron of tris(trifluoroacetylacetonato)-manganese(III) from the expected elongation Jahn-Teller geometry, to the observed higher energy electronic state with compression Jahn-Teller distortion.
Data
In Fig. 1 the splitting of the molecular energy levels containing d-electrons for high spin, S ¼ 2, d 4 (t 2g 3 e g 1 ) octahedral transition metal complexes such as tris(trifluoroacetylacetonato)-manganese(III) are illustrated [2, 3] . The splitting leads to either elongation (z-out) Jahn-Teller distortion with the highest molecular orbital (HOMO) of d z 2 character, or to compression (z-in) Jahn-Teller distortion with a HOMO of d x 2 Ày 2 character. For high spin d 4 mer tris(trifluoroacetylacetonato)-manganese(III) the elongation (or compression) can occur along three different OeMneO bonds, leading to three different bond stretch isomers for mer tris(trifluoroacetylacetonato)-manganese(III). Although only one mer tris(trifluoroacetylacetonato)-manganese(III) isomer is experimentally characterized by solid state crystal data [1] , density functional theory calculations can determine the structure of the different electronic state and bond stretch isomers for both fac and mer tris(trifluoroacetylacetonato)-manganese(III). Fig. 2 shows the electron density isosurface, as well as the highest occupied molecular orbital (HOMO) and lowest unoccupied orbital (LUMO) of both the elongation and compression Jahn-Teller structures of B3LYP-D3/TZP optimized fac tris(trifluoroacetylacetonato)-manganese(III). The elongation structure is 0.05 eV lower in energy than the compression fac tris(trifluoroacetylacetonato)-manganese(III) structure. The HOMO of the elongation Jahn-Teller structure is of d z 2 character and the LUMO of d x 2 Ày 2 character, in agreement with the theoretical splitting of the molecular orbital energy levels as shown in Fig. 1(a) . The HOMO of the Specifications compression Jahn-Teller structure is of d x 2 Ày 2 character and the LUMO of d z 2 character, in agreement with the theoretical splitting of the molecular orbital energy levels as shown in Fig. 1(b) . Fig. 3 shows the electron density isosurface, as well as the HOMO and LUMO of the different elongation Jahn-Teller structures of B3LYP-D3/TZP optimized mer tris(trifluoroacetylacetonato)-manganese(III). Table 1 provides the relative energies of the different elongation isomers of tris(trifluoroacetylacetonato)-manganese(III) as obtained by a selection of DFT functionals. The energies of the different isomers are very near to each other, implying that all isomers may exist, though all functionals predict the mer CF 3 eCF 3 isomer to be the most stable. 
Experimental design, materials, and methods
Density functional theory (DFT) calculations were performed in the gas phase on the neutral molecule, using the Amsterdam Density Functional (ADF) 2018 programme [5] . Results obtained by five The DFT optimization process are very sensitive to the input geometry, since difference in the energies of the different isomers are small. In some cases the "NumericalQuality good" and "ExactDensity" options in the input file led to the required isomer. An example input file, as well as the optimized coordinates as obtained by the different functionals, and a set of output files, are provided in the supplementary information.
